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molecular orbital energy level (LUMO) can be inferred from the band gap of P3HT (2 eV). The vacuum level change is obtained from secondary-electron cutoff in the UPS data(40). Based on fig. S1b, we measured the vacuum level of P3HT 0.60 ± 0.05 eV below the gold vacuum level. Thus, we determine the band alignment of the P3HT/Au interface, which is summarized in fig. S2 .
section S2. Transient SFG spectrometer
The transient vibrational sum frequency generation (tr-VSFG) spectrometer utilizes a typical pump probe geometry. The light source is an ultrafast Ti:Sapphire regenerative amplifier (Astrella, Coherent) which outputs 790 nm pulses (~35 fs, ~6 W, 1 kHz). The 790 nm pulses are then splitted into two parts. The major part (~5 W) is sent into an optical parametric amplifier (TOPAS, LightConversion) to generate two tunable near-IR pulses, typically referred as signal and idler pulses. The signal and idler pulses after the TOPAS are aligned collinearly, spatially and temporally overlapped onto a type I barium borate (BBO) crystal to generate mid-IR beam (~9 μJ) through the difference frequency generation (DFG) process. The residual 790 nm after TOPAS is used to prepare upconversion pulse by passing through a home built pulse shaper for near-IR that narrows the spectra of the residual 790 nm beam to 0.6 nm or 9.5 cm -1 at FWHM in the frequency domain, in order to guarantee good spectral resolution. The minor part of 790 nm fundamental pulse (~1 W) serves as the pump beam, followed by passing through a variable-length delay line before arriving at the sample. The power of pump beam is controlled by a pair of waveplate and polarizer. The probe is a VSFG signal which is generated by overlapping the mid-IR beam and the 790 nm upconversion beam both spatially and temporally at the sample surface. The center wavelength of the mid-IR is tuned to 3.3 μm to be on resonance with the C-H vibrational modes of P3HT. The mid-IR beam and the 790 nm beam are focused by a f=10 cm parabolic mirror onto the sample to generate the VSFG signal. Both beams approach to the sample at about 60 degree, and they are spatially and temporally overlapped at the sample. The signal is collected by another parabolic mirror and collimated. After being collimated, the signal passes through bandpass filters to remove residual 790 nm beams and enters the monochromator and CCD camera (400 X 1,340, Andor) to be recorded. A pair of waveplate and polarizer are used in each beam path to control both beam intensity and polarization.
section S3. Data acquisition, analysis, and calculations a. Data acquisition
All data collection is done by home-written Labview programs. All samples are loaded in an air-tight cell and purged with nitrogen gas to eliminate sample burning issues. Each scan has at least 3 averages and between each average the sample is rasterred to a different spot. A shutter in the pump beam line is used to modulate the pump beam on and off. A motorized stage is installed in the pump beam line which controls the time delay between pump and probe pulses. The time delay is randomized within the region of interest and all the time steps are covered at the end of each average.
b. Global analysis methodology
Global analysis is performed using the glotaran software package. We first performed single value decomposition (SVD), and found two types of major dynamics: one dynamic signal that has a negative amplitude and relaxes fast while the other is a positive signal and relaxes slow. To quantify these two types of dynamics, we further carried out global analysis. Details of SVD and global analysis are provided below.
In glotaran(67), the raw data matrix is decomposed by SVD method, described by Eq.1
where Ψ (f, t) is the raw data matrix, u i (t) and w i (f) are functions of time(t) and frequency(f), and σ i is the singular values.
The result of singular values is shown below and the corresponding spectra of σ in time and frequency are presented in fig. S3 From fig. S3 , it is clear that component c mainly represents noises. Therefore, only two types of dynamic pattern have significant contributions to experimental measurements. Based on this result, the tr-VSFG dynamics are preset as two exponential terms
where c i (t) = A i exp(-t/τ i ) and τ i are relaxation times, while ε i (f) are spectral components.
Then, global analysis schema is performed, based on Eq. 2, to optimize all the fitting parameters and hence extract two spectral components with their corresponding dynamic trends. The root mean square is minimized during the fitting process.
c. Double interfaces simulation
There are two interfaces that could contribute to the VSFG signal of the P3HT/Au sample which are P3HT/Au (buried interface) and Air/P3HT interfaces (top interface). Since no charge transfer could happen across the air/P3HT interface, all the dynamic features observed in our experiment should be generated from the P3HT/Au interface. Nevertheless, it is necessary to learn the relative contribution of each interface to VSFG signals, which is important to understand the static and dynamic spectra. To do so, we run a simulation to decompose the SFG signal contribution from each interface. The procedure of this simulation follows the description of a publication by O'Brain and Massari (35) , and the simulation code is based on a Matlab program provided by the Roberts group (52).
In the simulation, we input a series of experimentally measured VSFG spectra of P3HT/Au samples with different P3HT film thickness. The VSFG signal should be modulated by the film thickness, because of interferences between signals from the top and bottom interfaces. Thus, it is possible to determine the relative contribution of VSFG signals from each interface based on how VSFG signal is modulated as . The refractive indices of P3HT are approximately 2.2 within mid IR range (31) and 2.0 at 792 nm (68). We refer to P. Johnson and R. Christy's paper (69) to obtain the refractive indices of gold at different wavelength.
The fitting results and the relative contribution from top and bottom interfaces to the VSFG spectra are summarized in fig. S4 . The fitted result ( fig. S4b ) qualitatively reproduced the trend of the experimental measurements ( fig. S4a) . The decomposed VSFG spectrum of each interface are shown in fig. S4c where most of the VSFG signal is generated from the P3HT/Au interface, whereas the top interface barely contributes. This suggests interference between the signal from each interface plays a minimal role in our study.
fig. S4. Simulation results of the two-interface model. (a)
Experimental data shows the SFG spectrum of a series of P3HT/Au sample with different thickness (b) Simulation results that demonstrate VSFG signal intensity generated from different P3HT film thickness. (c) Simulated VSFG spectrum of the buried interface (blue) and the top interface (red). The simulation result agrees well with the experimental spectra. The top interface spectrum shows an almost flat line which suggests negligible amount of signal is generated at air/Au interface. Majority of VSFG signal is generated from the P3HT/Au interface that give rise to the dynamics.
d. Sum frequency generation spectral fitting
Because the tr-VSFG spectra have different spectral shapes at early (< 200 fs) and larger (> 1000 fs) time delays, in order to understand the physical process associated with the spectral shift, we implemented spectral fitting to further understand the responses to electric fields of each molecular mode. We can safely neglect the signal from the top interface, as discussed in last section. The SFG spectra with both pump on and off, at two different time delay t=0 ps and 15 ps, are fitted into the following functions: where we use six Lorentzian functions, a constant and one Gaussian function to reconstruct the SFG spectra. Parameters a, b and c define the Lorentzian and Gaussian function shapes. B represents the nonresonance term. Each lorentzian peak corresponds to an electronic transition or a vibrational transition and the Gaussian function is used to represent the IR spectral shape. The fitting result and the peak assignment are summarized in fig 
e. Absorption cross section for Au
In the indirect charge transfer model, where hot electrons in Au are firstly excited by a 790 nm pump pulse and subsequently transfer to the P3HT layer, the amount of charge transferred should be directly related to the number of hot electrons, and therefore, related to the absorption cross section of gold. The absorption cross section of gold under different pump beam polarization are calculated based on Fresnel equations(53). In this case, absorption cross-section σ j of gold substrate is given by ;~=; > ? (Eq. 4)
Where j indicates polarization (p or s), ρ(γ) is a function of the incident angle γ, and A j is the absorption coefficient.
Since ρ(γ) only changes by about 10% as γ varies from 0° to 90°, A j will be the key factor that determines the value of σ j . The absorption cross-section A j is related to the Fresnel coefficients of reflection at the interface as follow (Eq. 8)
f. Incident photon to charge efficiency
The strength of interfacial electric field, which is proportional to the transient VSFG intensity, is related to the number of charges injected across interfaces. Thus, we can use transient VSFG intensity to determine the incident photon to separated charge conversion efficiency. We assume photon-to-charge conversion efficiency is constant within the range of our empirical photon flux. To estimate the conversion efficiency, P3HT/Au interface is regarded as a parallel plate capacitor. Interfacial electric field, E, is given by (2)
where Q is the total amount of photoinduced charge at P3HT/Au interface, A is the irradiated area of 790 nm pump beam (0.1439 mm 2 ), ε r is the relative dielectric constant of P3HT/Au system (~ 5) and ε 0 is the permittivity of vacuum (8. 854187817×10
-12 F/m).
Induced charge density (Q/A) can then be determined by interfacial electric field. Based on Massari's work (35), we know that when potential applied across a double plate capacitor separated by 150 nm, was 3.534 V, it generated an interfacial electric field, which induced ΔSFG ~8%. Since we also observed 8% ΔSFG, we can approximate the interfacial electric field across P3HT/Au interfaces to be where M is the molar mass of the P3HT molecule (60000 g/mol), > is the mass density (1.3×10 6 g/m 3 ), and { U is the Avogadro number. From the calculation shown in last section, we know the photon-tocharge conversion efficiency s. Assuming that every absorbed photon injects an electron, we can estimate the absorption cross section: Where [ " is vacuum permittivity, h is plank constant, c is the velocity of light, υ is the frequency of the incident beam, and ] … − … " is the lineshape function. Then, we obtain the transition dipole moment to be about 5 Debye. Bare gold surface shows a spike at time zero under high pump power (blue) which is assigned to coherent artifact, whereas no dynamics shows up under low pump power (red). The lifetime of coherent artifact is determined to be 150 fs. (c) P3HT/SiO2 interface gives rise to a slight negative dynamic trace under high pump power (7.8 μJ). This indicates the intrinsic transition of P3HT layer can be pumped through multiphoton absorption pathway under high pump power, while low pump power (1.4 μJ) isn't enough to enable this pathway. (d) tr-VSFG of P3HT/Au when IR center wavelength is tuned to 3.8 μm which is off resonance to the C-H vibrational modes in P3HT.
This interpretation that interfacial electric fields contribute to the tr-VSFG signal is supported by the fact that we observe the same tr-VSFG dynamics, independent of whether the IR pulse frequency is tuned on and off the vibrational resonance of P3HT. (fig. S6d ) At off-resonance, VSFG is resulted from molecular electronic polarizations, and therefore is similar to second harmonic generation (SHG). Thus, the fact that similar dynamics is observed in tr-VSFG at off-resonance condition indicates tr-VSFG has the same physical origins as time resolved electric field induced second harmonic (tr-EFISH) experiment, which makes it sensitive to interfacial electric fields.
b. Static VSFG of several samples fig. S7 . Static VSFG of P3HT/Au, P3HT/SiO 2 /Au, and bare Au samples. All data are collected at SSP polarization. There is a significant nonresonant signal on P3HT/Au, which is absence in both P3HT/SiO2/Au and bare Au. Thus, this also indicates that charge transfer occurs at the interfaces, which enhances the nonresonant signal.
section S5. Frequency-resolved spectra of tr-VSFG under on-and off-resonance conditions
Although the "integrated" tr-VSFG traces of on-and off-resonance conditions are similar, they are significant different when taking the frequency-resolved spectra into account. We performed SVD (fig. S8a, S8b) on off-resonance data and found that only one spectral component is significant. This indicates that it is not possible to determine whether the observed dynamics is originated from a single charge dynamics or more than one by only analyzing off-resonance spectral resolved tr-VSFG. This result is further confirmed after performing global analysis on the off-resonance signal ( fig. S8e and f) . When we force the program to break the dynamics into two components, the results show that the two spectral components are nearly identical ( fig. S8e ). These results differ significantly from the global analysis results of on-resonance data. The on-resonance results ( fig. S8c and S8d) show that two distinct spectral components exist with independent dynamical behavior, which we attribute to two different interfacial conformations. This insight is inaccessible by off-resonance experiments.
The difference between on-resonance and off-resonance signals is explained by considering that both conformations respond to photoexcitation and cause VSFG signal to change in on-resonance experiments. When the IR pulse resonantly probes vibrational modes of both conformations, the two conformations exhibit slightly different vibrational spectra responses due to their different structures. As a result, the charge dynamics in the two conformations can be directly traced back to the corresponding vibrational features, which thus make them distinguishable through subtle differences in the VSFG spectra. By contrast, when the IR pulse is off-resonant, vibrational modes are not probed by i VSFG experiments, which instead only measure non-resonant electronic responses. This results in indistinguishable off-resonant spectra for the two conformations despite the fact the two conformations exhibit distinct charge dynamics. The comparison between on-and off-resonance signals demonstrates the importance of spectral-and time-resolved tr-VSFG, which is an essential tool to resolve the interfacial dynamics with molecular conformation specificity.
section S6. DFT calculation
To make the calculation affordable, the side chains of P3HT molecule are removed. P3HT then is consider as having 6 thiophene rings (6T) molecules. This simplification is reasonable for studying charge distribution since from the other studies (71, 72), the electric charges are more located in the thiophene rings rather than the side chains. The Au (100) surface is made from the crystal structure of Au which is taken from (73).
The initial structures were created by putting the 6T molecule in parallel (structure-1) and perpendicular (structure-2) with the Au (100) surface. Then the geometry optimizations were performed using the PBE (65) functions as implemented in the QUANTUM ESPRESSO package (66). A kinetic energy cutoff of 30 Ryd and a charge density cutoff of 300 Ryd were used. Ultrasoft pseudopotentials were taken from taken from the QUANTUM-ESPRESSO pseudopotential download page: http://www.quantumespresso.org/pseudopotentials (files: Au.pbe-nd-van.UPF, C.pbe-van ak.UPF, H.pbe-van ak.UPF, and S.pbe-van bm.UPF). Due to the large size of the unit cell, calculations are done using Gamma point in the Brillouin zone. All structures were fully relaxed within a convergence of less than 0.1 mRy for the total energy, 0.5 mRy/a.u. for the forces on atoms. The density of states (DOS) and charge distribution were calculated at the optimized geometry.
First, it is worth to mention that the total energy of structure-1 is ∼ 1.1 kcal/mol lower than the one of structure-2. At optimized geometry, structure-1 has the 6T molecule at the distance of ∼ 3.4 A ̊ from the Au (100) surface, while the corresponding distance in structure-2 is ∼ 5.5 A .
a. Density of state
The calculations of DOS are shown in fig. S9 . The overall DOS of the system is largely dominated by the projected DOS of Au (100) 
b. Charge density
The spatial distributions of the electron density calculated at HOMO (left panel) and LUMO (right panel) energies of 6T molecule are shown in figs. S10 and S11 for structure-1 and structure-2, respectively. There are overlaps between the charge density of HOMO and LUMO levels of 6T molecule with the one of Au substrate in structure-1, while in structure-2, there is no orbital delocalization of 6T molecule to gold substrates. To differentiate the effects associated with optical interference and conformational specific dynamics, spectral fitting was carried out to determine the best match with the experimental SVD components (based on Eq. 19). Two equations based on Eq. 3 were used to simulate both pump on (first term) and pump off (second term) VSFG spectra. The difference was then taken to simulate the GA components. We considered two scenarios. In the first scenario, all parameters in Eq.19 are allowed to vary to fit the two spectral components ( fig. S12a and S12b). When all parameters are allowed to vary, quantitative agreement is obtained between experimental and simulation spectra ( fig. S12a and S12b). In the second scenario, we assume that the two observed GA components are only due to different interference effects between molecular and non-resonance VSFG signals, because of changes in the non-resonant background phase as a function of time. Thus, only B/B' and φ/φ ® are allowed to vary to fit the two GA components, whereas all other parameters are kept fixed (fig. S12c and S12d). We first performed the fit to component a and determine all fitting parameters, which were then used (except B/B' and φ/φ ® ) to fit component b. We found that by only changing the non-resonant amplitude B/B' and phase φ/φ ® , it is only possible to get one of the component fitted reasonably well ( fig.S12c ), while the other component is poorly reproduced, displaying both amplitude and phase mismatches as shown in fig. S12d . This suggests that the two GA components cannot be captured by just optical interference. Based on the fitting results, several peak positions and amplitudes are different between components a and b. This result agrees with our interpretation that the two spectral components reflect structural differences of P3HT at the interface, which are thus responsible for different charge dynamics. 
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